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CHIMERIC PAnilOMAVmumKE PAHTICIES 

nap OFTHEwyaiTioH 

The fmmt invention rebtes to chimeric pepibmevinis-ite perticles end telated synthetic DMA moleciiles, 
host cbDi, methods end veccines. 
5 BACIC6RDUMD OF THE IMVBITIQM 

Pepilonravinises inf rct the epithefe of humans end e wiib variety of enirneb, where they genereHy induce 
benign proBferetion et the site of infection. However, in some ceses the lesions induced by certain pepiomaviruses 
undergo meiignant progression. There b e strong essocistion between maGgnent progression of human genrtai lessons 
and certein human papiBomavirus (HPV) types, such es HPV16. tafection by one of these types is considered the 
10 most stgnificsnt rbk fector in the development of cenricel cencer, one of the most common csncers of women 
woridwide bur Hausen, H., Scbnce 254:1167 (1991); Schiffman, RiH^ J. NatL Cencer bist 84:394 (19921). Tte 
majority of cervicel carcinomas contain and express HPV early geneSr such es E6 end E7, end these genes have been 
shown to have potent trensf omwig end immortalizing activity in cultured ceOs (Wemess, B A, Monger, K. & Howtay, 
PJL (1991) Advences bi Oncotogy, eds. DeVite VX, Hebnen, S. & Rosenberg, S.A. (Lqiponcott, Philedelphie) pp.3- 
15 18L 

Pepiomeviruses ere non-enveloped doubb-strsnded DMA viruses about 55 nm in diameter with an 

epproximatety 8 kb genome in the nucbohbtone core (Baker, et eL, Biophys J 60:1445 (1991)). The capsids are 

composed of two virally-encoded proteins, LI end L2, thet migrete on SDS-PA6E geb at approximetely 55 kDe end 

75 kOa, respectively (Mose Larson et eL, 1 ViroL 61:3596 (1987)). LI, which b the major capsid protein, b 
20 errenged in 72 pentameters whch essocbte with T-7 icosshedral symmetry. The function end positbn within the 

virion of L2 ere uncber (Beker, et eL, Bbphys J 60:1445 (1991)). 

The LI protem hes the cepadty to eelf-essembb so thet hrge amounts of virus-Eke perticles (VLPs) may 

be genereted by expression of the LI protrib from e number of species of peidlomevinis in a verbty of recombinent 

expressbn systems (Hegensee et eL J Vrol 87:315 (1993); Kimbeuer et aL, Proc Ned Aced Sd USA 89:12180 
25 (1892); Kimbeuer et eU J Virol 67:8929 (1993); Rose et eL, J Virol 67:1938 (1893)). Ahbmigh not required for 

BssenAly, L2 b oicorporeted into VLPs when co«qiressed witii LI (L1/L2 VLPs) m ceBs. 

bmmmizetbn of rabbits with native virbns or LI VLPs,butnot witiioon-essembbdLI expressed in £ 

induces high titers of neutrdbng serum entibedes (Ctabtmen^ NJI. end Kreider, J.W., J Virol 84:3151 (1990); 

Kimbeuer et eL, Free Nad Aced Sci USA 89:12180 (1992); PHecmski et eU BbfTechnobgy 2:356 (1984); Segre 
30 et eL, Am. J. Vet Res. 18£17 (1955)). The pohfcbnel end monoctanel entibodbs genereted egemst netive pertictas 

recogniie confomietionely dependent epitopes ((Mstensen. UB. end Krektar, J.W^ Vbus Res 28:195 (1993); 

Christensen et eL, J Virol 645878 (1890); Chrbtensen et eL, Virobgy 181:572 (1991)). 

Neutrefang Mtibodies genereted egemst VLPs ebo recognize conf ormetionely dependent epitopes. Using 

infectious BPV1, which cen be reeiHy obtened from bovne bstans, end e qnentitetbeer Kftrv BPV1 infectivity essay 
35 (Dvoretzky at eL, Virotogy 103:369 (198Q)), workws showed VLPs from bmAie pepiHomavirus induced high taveb 

of neutrefizmg entibodbs (Kimbeuer et eL, Proc Neti Aced Set USA 89:12180 (1992)). The neutreGung entibocBes 



WOM/11274 PCT/US9S/12914 

•2- 

wm cfirected against coirf ormatkmaly thpandaiit qritopas, in that danaturation of tha partidas prior to Binminiiatian 

abofishad tha abSty of tha prqiaration to nditco nautrtBang activity WX 

Whan tha LI goia of a HPV16 isolate dmad from a nonprqrassad iasnm was osad to eiprass tha LI 

mapr capsid protein in insect cab via recombinant baculavimsas, LI self-assaflririad into VLPa at a yUd 3 orders 
5 of magnitoda higher than what had been obtaaiad using LI derhml from the prototype HPV16 (originaly isolated from 

a cancerous lesionl, and formed VLPi that were morphotogkaOy simiar to native virions IKimbaaer et al^ J Virol 

67£929 (1993)). DNA sequence comparison identified e single nonc on served ammo acid change to be responsible 

for the mefficient seK-assambly of the prototype LI (ef.). Tha LI of tha assembly-competent done is thus considered 

to be the wBd-type gene, end tim prototype LI of the assembly-defective clone e mntent 
10 Using HPV16 VLPs of the wBd-type LI protein as antigens, an EUSA was developed tiiat detected serum 

entOiodiBS m patients infected widi HFV16 (Kimbauer et eU J. Nati. Cancer bist 88:494 (1994)). In contrast, 

neither denatured HPV16 partidas nor pr ep ara tio ns of the prototype LI protein could detect these antibodies (iK). 

These results demonstrate that the prototype LI protein does not present conf omntjonal qritopes. 

Rabbit serum raised agamt saH-essonbled wild-type HPV18 L1fL2 vaus-ike particles wss discovered to 
15 prevent HPVie VLP bmding to ceB surface molecules (Roden et aL. J. ViroL, in press, (November, 1994)). bi 

contrast serum reised egeinst the prototype strain of HPV1B L1/L2 (Ed not prevent such binding (a/.). The data 

show that the prototype HPV18 strain lacks conformation^ epitopes. 

Rabbits immunizad widi intact cottonta9 rabbit papilomavirus (CRPV) virusAe particles composed of LI 

or L1/L2 were protected from subsequent eiperinental chaBonge by infectious CRPV (Breitiiurd et aL, 12th 
20 hternatiaiud Papiamavim Worinhop in Amstwdam, in pra^ b contrast timsa immunized witfi 

denatured partidas wm not protected (K). These findings era consistantwM the condusnn that VLPs prnenting 

conf ormetional epitopes are aUa te induce protective anmumty. 

VLPs composed of capsid protams are ettrective cendhlates for prophyhctic vacdnn to prevent 

pepahmiavinis infection. However* it is unMy that these VLP veecines wouM iieva therapeutic off ecta agahut 
25 established papiDomavinis bifectim. The capsid pratebii; onike D end E7, are not datactably eipressed in 

progressed batons or in aifected basal aprtluriial cob; vddch are the presumed twgets ai immune regression of 

Thwe is evidence from esperaraitd modeb that anmnnity against papSemavaiB proteins other then LI and 
L2 might help control papilhmavirus aifaction. Since EB end E7 are selectively meaitasied during oncogenic 

30 progressnHii there is the possUEty that peptides derbed from these onceproteais couU serve es tergets for col- 
meoiaiefl snraune raspanses to ninr*conuaung lumor cons, stnoies ai ananai mooBB suggest me t/ protem or 
HPV16 ecu es a tumor rejection antigen (Chen et eU Phic NadL AcadL Sd. USA 88:110 (18911; Feftkemp et aL. 
Eur. JL ImmunQL 232242 (18930. Moreovet the frequency of HPV infectieit persistence of HPV aifactionf end risk 
of devetopsig cervical cancer and other HPV*releted cancers b ncreasad in patients with depressed cebdar nnnunity 

35 (Abut et aU Br. lyiel 1 298:153 0889): Lege et aL, ht 1 Cancer S0345 (1893^ These observatians suggest 
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cdknsdifllsd innunity ii iniportuit in tbB dof Bns8 BQainst HPV nfoction ral its sssodstod tumor itavslopinfinL TI16 
biductioii of such ranunity nngiit bo thrapoutic; as woO as prophylactic. 

h has baon danionstratod tiiot forovon p o ptklas can ha incofporatod into viral cqisid-Eko structuros and thoso 
dnmoric portidas cm bo usod to prosont f oroign antigons to tin invnuna systonu PtabSshod oiontplos inchida 
S hopatitis B con amigen particia presantation of human rhinovinis typa 2 apitopos (Francis ot aL, l^oc Nad. Acad. 
Sci USA 87:2545 (1890)), gp41 of HIV (Borisova at aL, FEES Latt 259:121 (19891k and 819 parvovirus particia 
premtathin of peptides from hvpas simptax virus 1 mti murine hepatitis virus (Brown et at Virotogy 198:477 
(1994)). Iho parvovirus chimoras protected mica from experimntal challenge InaH 
of the above systems, foreign sequences have been inserted in proteins integral to the capsid structure and have been 

18 Gmited to less tiian 28 amino acUs. However a racent study (Miyamura et aU f^c NatL Aca± So. USA 91*J5B7 
(19941) has demonstrated thet the entira 147 aa hen egg white lysozyme protein can be incorporated into 819 
parvovirus particles when fused to the parvoviras 11 minor capsid protein. The lysozyme remained biotogically active 
end oGcited an immune response when injected into rabbits. In perhaps less relevant studies, hepatitis 8 virus 
surface antigen pertcbs (whsh are Ipid membrane stractures) containing 84 aa of HIV*1 envelope glycoprotein 

15 (Michel et aU J. ViraL 84:2452 (1890)) and yeast Ty virus-Gke particles containing a portion of HIV1 V3 bop 
(Griffrths et aU J. ViroL 65:450 (1991)) have abo been shown to i^oduce an immune ra^onse to the insertmi 
peptides when inoculated intn aramds. With respect to pepiBomeviruses, it wss recently r^orted that hepatitis 8 
core entigen perticta contairang HPV18 E7 peptides (aD less then 20 aa) inducad peptide specific entibodies end T- 
helper responses in mice (Tndle et el, Vrology 200:547 (1994)). 

20 Chinnric particles basad on seH-assanUed papiomavirus LI have not bean rqmrted, nor has the use of 

L2 as a viral fusion partner for purposes of goierating chimeric VLPs bean dasoind. The chineric particle studies 
cited above involve viruses thet are onrelBted to paplomavirttsas end thus cannot predict the rosutts of chimeric 
particia studies invoMng pap i o ma vir u sas, hdeedL n tin pepiomavirns stody by IGrriimier et aU J Virol 87£929 
(1993). jqra, it was demonstretod that a angle nonconsorved wmno add change hi LI is responsible for efficient 

25 self-assembly of LI mto VLPs and tiie piesontation of conformationoi apttopos* which aaem to be required for 
mductam and detection of cBnically relevant annnme reactivity. Thus. ti» studies using viruses unreleted to 
papitafflavirus cannot pr^ whedwr a piplomovirus 12 contmmng a foreign peptide or protmn can co-assemble 
wMi paplamavirus LI faito perticleo, gwen tiiat a saigia amnio acid sdistitnlion ai LI con dioEsh efr»ient sdf- 
assembly. Neidier can thesa studies predict whedier any rosuhbqichanaricpBrticte 

3D or detect neutralizing antibodies or otiier anmuna related responses, ghm thet a saigia anrino add substitution m 
LI can bar the presentation of conformetionri epitopos. 

h b «i object ri tiM prosont bwention to prowdo chimeric pqiiomav^ These chimeric 

pertidosmey function as platfoims for midtivalant antigen presentation. Or tiioy may aervo for delivery mto ceb 
of protrins for procosdng bito peptides and subsequent prosontetion of tiwsa peptides widim the contest of MHC 

35 mdecoles to oEdt a coHmdiated bnmune response. The chaneric portidas represent a cost affective way to 
penerote on effective papitanavmis vacdne witfi a broad spactrum of utifty. Aheroatively, the chimeric 
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paplhmmiuftti pvtidBS my te sppisd to VIF ndhv fuion pvtmi purifiution. Or, thi partictas may opsratB 
to ddw into cob intact and activo protoim; for oianiplB; oniymos, or tonns or dnigs. 

SUMMARY OF THE IMVBITmN 
According to ono ispoct of tho invontion, thoro b providod o papiDomovintt-fke particio, charactoriioil as 
5 boving confonnitional ophopos* comprisng o papBoinavinis LI product and a papBnnavinis L2 fusion product. 

Tho papSkxnavinis L2 fusion product nay ba charactoriiod as bong a human pap3onia¥nis L2 fosfam 
proihict or a bovino papiomaviras L2 fusion product 

Tho human papilomamis L2 fusion product may be characteriiBd as baing a HPV16 L2 fusion product and 
the bovine papBomaviras L2 fusion product may be characterized as being a BPV1 L2 fusion product 
10 Tho pepiBomaviros L2 fusion product may comprise a fusion partner cheracterized as being a peptide or a 

full-length protein, or may comprise fusion partnan that indude peptides or fulHength proteins or combinations 
thereof inked m tendem. 

The fusion pertner raey be e paplomavinn E6 or E7 product 

The paplomavirus L2 fusion product may be characterized as being fused et its 5' or 3'end to e f usion 

IS partner. 

The papilomaviros L2 fusion product may be characterized as baving a fusion partner inserted betwem 12 
amino acids. 

The papUomeviras LI product may be characterized as being e bumen papiBomavtrus LI product or a home 
paplomavirus LI product 

20 The bumen papflomavinis LI product may be charactafizBd as being a HPV1B LI product and the bovine 

pepUomavirus LI product may bo characterized as bomg a BPV1 LI product 

The papihmwvirns«o pertide may consist assomidy of HPV16L1 and KPV16L2-HPV16E7 (fuD-lengthL 
whero HPV18E7 is fused to the S^ond of HPVIBL^ BPVL1 and BPVL24IPVieE7 (fulHengthli where HPV16E7 is 
fusedtotheS'endofBPVLZ^orBPVLI end BinrL24IPV16E7 (embm adds im where HPV16E7 is fus^ 
25 between 12 emmo odds 274 and 275. 

Accivding to anottwr aspect of tho mvention^ there is provided orw or mora eyntbatic DMA molecule or 
molecuies characterized as singly or doubly encodng a paiAomevirue LI product and a papiomavirus L2 fusion 
product whero tho mohade or fflobculos Aoet eiprassion in a transfori^ 

characterized as hnring conforroationdapitopeso comprising the peplomavirus LI product end the pepillomevirusL2 
30 fusion product 

The trensformedhost col may be an bisect host cell (such es SfS msect host criD and the DNA mdocub 
or roobculoe roey further comprise an anact eel vector (such as a baculovirus vector^ or the transformed host cdl 
mey bo 0 memmaian host eel and the DNA molecule or moteubs eney further comprise e memmelian cd vector 
(such as a vaccbiie virus vector^ or the transfoimed host cd may ba a yeest host cdl ami the DMA molecule or 
35 molecules mey further comprise a yeast cdl vector. 
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Acconbig to another aspect of the invention, there is provided a host eel transformed with the ONA 
molecuie or molecules of above. 

According to yet another espect of the invention, there is provided e method for osino the DNA molecide 
or moinules of above comprisino the steps of: providing conditions for the molecule or mohcoles of ebove to direct 
5 the ebove expression; end recovering the peplloraavinis-i» particle from the ebove transformed host ceD. 

According to sti anothn^ aspect of the invention, there is provided a method for producing a papillomavirus- 
ilte particle^ characterized as having conformational qiitopes, comprising a pspiomavirus LI product and a 
papillomavirus L2 fusion product, whteh nwthod comprises the step of providing conditions for the DNA molecule or 
molecules of ebove to direct the ebove expression m the ebove trensf ormed host eel of the pepilomevirus*ike 
10 pertide. 

The mvention else provMes a method of purification of the peidhmievirus-Bce partide of above comprising 
the step of exposing the pepiomevirus-fte pertide to en effnity chrometogrephy column, comprising antliodies thet 
bind to a fusion partner of the pepiomevirus L2 fusion product of the paplemevirus-iike pertide, resulting in the 
purificatton of the pertide. 

15 The invention further provides e method of purificetion of a fusion partner of the pepiomavkus L2 fusion 

product of the papiomevirus4ike pertide of ebove comprising the step of isobting the papSomavirus-ike partide 
of above resultmg m the purification of the fusion pertner. 

The mvention miditionaly provides e method of dafivery into a eel of e fudon pertner of the pepiltomavinis 
L2 fusion product of the paplomavirus-Eke partide of ebove comprising the step of edministering the pepiomeviros- 
20 Gke pertide of ebove to the eel lisulting in the deivery into the col of the fusioD pertner. 

The invratien moreover provides a vaccine compriung the paploniavinis-Ike pertmie of ebove. 

DETAILED DESCffl PTIDN OF THE INVEWTIOW 
TUs invention erisee from the reeutt thet a paploenevinis L2 fusion product con become faicorporated into 
e pepllomavfus LI product-besed papilomavirusfke partide that presents conf ormationel epitopes, 
S TUs result was imesqiecied. 

hi dm peinbmBrirus etody by KinAeuer et dL, J Virol 87^8828 (188% oftw, it wes demonstrated thet 
B single nonconserved enrino odd chenge in LI is le sp en sM e for efficient self-assembly of LI into VLPs end the 
presentation of conf ormetionel epitopes^ which seem to be reipiired for eiductien end detection of cinicdiy rebvent 
bnmune reactivity* Thus* it couU not be predicted vvhetfier a p4iilomevirasL2cont»nin^ 
30 couM co4ssemUe viritii pepSomevirus LI hito pertidei, given thet e smgh endno add substitution in LI caneboish 
efficient seK-essemUy. Neither could it be predicted wliether any resutting chimeric particles would retein die eUity 
to induce or detect neutrafabig antibodiBe or otiwr enmune rotated respensasr ghren ttmt a single emino add 
suDStnution m li cen oar me preseniauon or comormanonai epnopes. 

A papaomavirus L2 fusion product is meent to inchide a chen of anuao adds in which part of the chein 
35 comes from a 12 protein seipmce end pert of tiw chdn comes from anotiier protein sequence (or otiwr protein 
sequences). 



L2 fuiioii products m produced by ^iGcins (in frame) en open reading frane for one protem (or a number 
of proteins) next to or into an open reaifing frame for L2L 

Protein enginoerino is used to determine the structure of the L2 fusion product hi a routine exercise for 
protem engineerSr they genwete variants of the netural protein L2. The changes they make can be educated gtmsns 
5 based on detaBed knowledge of the structure of L2; ehemetively, changes can be made on a purdy random basts. 
Or a coffltmietton of structural information with random mutagenesis and s^tnn can have dramatic results. 

For exemple, tbo setetkm of L2 «nno ecids between which to insert a fusion p^tide or protein can be 
roeda on tlus basis. The existence of e region where amsio add sequmce and length vary between papiiiomavinises 
suggests that this regton represents a structure that is nonessential for the mtegrity of L2 and/or its incorporation 
10 into particles. The observed atdity to insert a fusion peptide or protein within L2 implies that such a region exists. 

Determination of e stnstiffo for the L2 fusnn product is performed on the bests of the abffity of the L2 
fusion product to become incorporated nto e pepikmievirus LI product-bssed paploroavirusAe particle that presents 
conf ormatkmal epitopes. 

Preferred means of detemdnhg e structure incbde essays that measure the efficiency endlor authenticity 
IS of nicorporation of an L2 fusion product into a papHomavirus LI product-based papiBonievirus4ike perticle. 

The effidency and/or authenticity of formation of L1{L2 VLPs is related to the presentation of 
conformational epitopes (coprv). 

The chaneric L2 wl thus become mcorporsted kite Ll-besed VLPs with en effkdency endfor authentirity 
sanier to that of kicorporatkm of wM-type UL 
20 Other preferred means of detenrinaig a structure for the L2 fusion product kichide essays that measure 

the nnhiction andlor detection of oeutreiiBng antiboties. 

The nduction endfor detection of neutreBang entftodes » related to tiw presentation of conformational 
epitopes, because neutreiikig antibedies are diected agakist conforn^^ 

The mcorporation of the chimeric 12 wl tints not kriAft die mduction endfor detection of neutraiing 
25 antibodies by dnmeric pepiomavkus4te partidn as compared to LI or L1IL2 VLPs. 

For purposes of tiw kiventioi^ e chaneric 12 fnskm product is cepeUe of hecommg kicorporated kite a 
papahmwvkus LI praduct-based papBamavkusAe particle tiiet presents conformatienal epitopes, whetiiw identified 
by the above meens or eny otiwr means known ki the vt 

The structure of L2 and Its f nskw partner (end LI) b meent to kudude e f uH-bngtii L2 proton (end LI 
30 protrin) end a fultagdi fusion pertner protem, and tiieir peptide fragme^ fragments, 
or kitemal fragments^ bevtag at ioBSt shout 20 amkw ecM reskhios, advantegeously at bast about 1 0 amino ackl 
residues, and prefarebly at bast about 5 emkiOBcklresktaes. Typ«. subgroup and strauiverbtbns of L2 (and LI h 
and human defc and specbs mbtions of tiw fusbn pertner protem. am expressly contemptated es fslSng witiiki 
tin scope of dwkivention. The kwemhm ebo mckubs conservative varianU of die fuHengtii L2 protem 
35 protem) emi tiw fulMengtii fusbn pertner protem. and tim 

substituted for mmno acU resUues of wiU-type L2 (and L1I end tiie fusbn pertner protem. To eccount for 
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dsgenaracy of the gmtic cmter the imntion abo includes ONA coding for tlie samo anrino acid rosiibos n does 
tha DMA of tha L2 (and LI) and fusion partner gsna. 

Hie chimeric paplloniavirus<lke particle itself b envisioned as incorporating my L2 fosion product widi any 
LI product from any papionunrirus, whether the genomes ere ctosely related, or ere distantly related, so long u 
S incorporation into particles occurs* Thus, e L2 fusion product for example, releted to eny of BPV-K BPV-Z BPV4, 
CRPV^ DPV, OPV, HPV-1. m s. HnS. HPV-8, HPV n, HPV-16. HPV-1B, HPV-31 or HPV-33, con be incorporated 
into ptfticbs witii any LI product, for exempler from any of the ebova vinii, or any type, subgroup or strain 
varietion of pepiomavims. 

Beceuse VLPs present conformetionaily dependent epitopes required for the induction of high titw 
10 neotrtfnng serum antibodies, VLP chinves contebung L2 fusion products can operete propbyiacticely as optimized 
subunit vsccines for tite stimulation of humoral immunity to prevmt papatomavinis infection and thereby prechide 
the development of papSomavirus associated cencers and otiier pspllomavirus ossociated padiologies. 

Beceuse it is unGkely VLPs wU prove effective es therapeutic veccmes to induce regression of existing 
pepiomavirus proBfvathre lesions, es discusud above, chimeric VLf*s csn function to eddress thb long-f dt end 
IS heretofore unsetisfied need to devehip e therepeutic vaccina. 

Qiimeric VLPs ere expected to bmd spwific ceB surface receptors, get htemafized end be rdeand into the 
cytoplasm, and thus be more fkrif to promote the presentation of p^rtides in conjunction with class I MHC 
molecules for dispby to cytotoxic T ceOs for the generetion of cehnediated immunity. This is in contrest to 
uncomplexed proteins that would not bo expected to ^mifoiDy enter ceBs, or to promote the presontetion of 
20 peptides in tiie context of Class I MHC molecules to obit e cytotoxic T eel response (being more Ornly, if et oQ, 
to promote ti» presoitatian of peptides to be inked to Cless D MHC molecules end cBsptayed to hek»r T cdsL 

tachision of one or more fusion pertnere as 12 f nshn producto wouU deariy be a cost effective way to 
generate en effective pepHlomevirtts vacone witfi a broad spectrum of utility, bichidbig therppy aid improved 
prevention of dencel lesio ns . 

25 The fosion pertnermey be selected from tin bt consisting of tfiose fusion partners that would provide e 

mediod for expendbig the potential tafgats of a VLP-based vaccine, for exenqile, EB or E7 peptide or fuHengtb G6 
or E7, otiier papHomavirus peptides or protems, or peptides or protrins of odwr STD or aifectious agents, Af., 
Herpes nmplex, HIV, CUemytie trachometis, Neisserie ponorriieeee, end Treponema paidnm. 
Tha L2 fosion product B not ImM to a sbif^ fusion pertner per L2 moto 

30 fusion pertnors, for exemph, additional peptides or fulHHigtii proteins or combmetions drareof derived from tin seme 
or different proteins inked to tendem. Abo, nmretiim one L2fosmn product may be comenddedaitoesmgle^^ 
For oxemple, a L2 fu«on prodoct or dikneric VLP contebung a vbal t^ 

a bbidbig domain of a co-stimutotory protain or an accessory receptor or Ggend bwohred hi knmune reKtivity, $.g., 
B7 (whkh nterects widi CD28 on T ceW, an mterceUer edhemn mobcub OCAM), a (ynqdwcyta functionel entigen 
35 (LFAL a vascuhr eel edhesion mobcub (VCAM-1), and a beet stabb antigen WSA). (To terget tiie co-stimutators 
or Ggends to the eurface of VLPs, see Exempb 14J 
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It wl ba appreciated that tka attud prafened amounts of chimaric paplemayiniatte partidas as vacdnas 
in tin pravantion and/or treatmrat of disease wl vary according to the specific compositions f ormulated« the mode 
of appicatioAf the partKular situs and the organim being treatmL Dosqes for e given host can ha detemrined usmg 
conventional censiderationSr aj^^ by maens of an appropriate^ convantianal vaccinatian protocol 
5 Ahemetivelyt drimeric VLPs con used in a method of purSicatiDn of VLPt. VLRs ere useful ptr aa as 

prophylactic vaccinas and in nvnunodngnostics (st{pf9|. Briefly, antibodies to the fusion partner are generated using 
stendard immunological techniquss, en affinity chromatography cohnnn is c on s truc te d using the antibodiaSr end the 
VLPs ore subs«|uently purified in an affinity chromatography step. 

Or, cMmsric VLPs can be used in e method of purification of a f uston partner. For example, VLPs containing 
10 a L2-E7 fusion product may be useful as a maens of obtsming correctfy fohled E7. It has bemi reported that a 
greater percmtege of cervical canc«' patients ere seropositive for conformationdhr correct E7 than for denatured 
E7, as isolated from bacteria (Visciifi at oL, Int J. Cancer 55:780 (1993|)« The m vitro trens^tion-transhtion 
system used to generate E7 in this report b iaborioos and expttisive, end uses rsdio-labalBd E7. It wmiU ba 
advantageous to purify chimera E7 VLPs and use the material in an E7 EUSA. To avoid complications of 
15 seroreacthrity with human LI or L2, BPV-based pertides could be used. Monitoring E7 seroreactivity, which 
corrdatas with cancer es opposed to pramaignant disease, has been proposed to be useful to foUow the course of 
disease in cervical cancer patisnts and to screen for reocoirrences (afj. 

Optionaly, chimeric VLPs can be used in a method of defv^ of en intact and active protein into cdb. 
This protein mey be, for exemple, en enzyme, or e toiin or e drug. The chimeric VLPs ere edministered to tiie cob, 
20 either m vitro, in vivo, in situ, or ex vivo, vul the protein is subsequently defvered into the eel where it functions 
for its bitended purpose, for exemple, es en enzyme, or a tedn or a drug. 

We have e ucc ee de d et genereting diimeric pepBomavirus^ke pertides aicoiporating E7 protein or peptide 
fused to L2. 

A pepaomavirus E7 gene when fused to freme to die 3' wid of the L2 gene or widnn pert of the L2 open 
25 reedaig freme expressed en L2-E7 fusion proteta that aitfie presence of 11 pretda, wee bt co rporetedaita vims-fte 

pertides. Effidencfy and eutimntidty of aicorporation of L2-E7 into VLPs was sarihr to tiiat of tiie vdU-type L2 

protein. BPV L1iL2-E7 virus^ln pertich» vvero found to induce iwutraBziq am 

partUes. Chinwric pertides were observed to dnt humord annnmity sp^ 

rabUts anmunizad with L2-E7 chimeric particles genoreted entiboifies ifirected egenst E7. 
30 HavBig succeeded at generating dnmerie pepiOomevinistte partidas opens die door to fusing vbtuaDy any 

protein or peptide to en L2 product for bicorporetion aito dnmerie papilomavirus4B(e partidas. 
Ife accompished tin production of dAneric VLPI by generating L2€^ 

pretens ebng widi LI vie recondrinent becidoviruses in nsect eels. We generated diree chimeric VLPs: HPV16L1 

4- HPV1BL2-HPV16E7 (fuMengdii, BPVL1 * BPVL2-HPVieE7 (fuMengdil emi BPVL1 * BPVL2-HPV16E7 (ee 1-30]l 



35 
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BPV L2 was fused at its 3' end to HPV16 E7. HPV16 L2 was fused at its 3* end to HPV16 E7. 
AdditionaBif, the first 30 codons of HPV16 E7 were inserted between codons 274 and 275 of BPV 1^ 

Sucrose gradimt co-sedimentation end C04nimuno|ireqpitation of LI and the L2-E7 drimeras demonstrated 
the incorporation of the chimeric protein into the VIPs. 
5 Transmission dectron microscopy revealed thet particles containing the L2-E7 fusion protein assembled with 

the seme effidency as LI or L1/L2 VLPs, md were morphologiceDy indistinguishable. 

hi vitro BPV1 neutrafization assays demonstrated that the BPV LUontainmg chimeric VLPs were capable 
of inducing neutraSzing antisara. Titers were comparable to those obtemed using BPV L1iL2 VLPs. Equivatent 
neutreizing titns of 30JI00 were obteined for both BPVL1/L2 VLPs and BPVL1/L2-HPV16E7 (fultegtb) diimeric 
10 VLPs. 

Rabbiu immunized with L2-E7 chimeric particles genereted antiiodies directed against E7, demonstrating 
the induction by chimeric VLPs of humoral immunity specific for fusion partner epitopeSt end ebo establishing the 
location of E7 epitopes as external to VLPs, 

As set forth in Example 1, chimeric recombinant baculoviruses can be generated. Gertts for the chimeras 
15 may be obtained from genomic sources or cONAs, by direct synthesis, or by any combination thereof. L2 and its 
fusion partner genes csn be empffKHi by recombinant PGR techniques, for example, with oivos containing restriction 
enzyme sites and complementarities that f aciitete fusion and cloning into expression, transfer milw cloning vectors, 
piasmidSb 

Fused genes can iw cbned into a bacniovbus expression vector. Another baculovirus expression vector 
20 containing LI can be genemted. Or the fused genes can be doned into a bacubvbus double exprenion vector tt^^ 
dready contdns LI. 

Examirie 2 sets forth o typicel procedure for selection of reeomUnent becoloviruses. CsClfurified (or 
eqdvdent) recombinant phsnad can be co tre n s fec ted with becdovints DNA into Sf9 nsect cols by udng Upofectin 
(or eqdvdentl. The recombhant bacdoviruses can then be (riaquoiiurified (for «xampW udng conventiond 

25 bacdovirui vector end insect ceD culture procedures. 

It may be advantageous to use two sbigb expression bacubvbus vectors tastead of a double expiBsdon 
bacdovirus vector, to thb case, dumeric VLPs cen be produced by iifecting Sf9 eels with two recomUnent 
becdoviruses, one encoding a LI product end the otte encotfng the L2 fusion product Locating the genes on 
different vectors f edtetes manipulation of the amount of LI product and L2 fusion product produced. This epproach 

30 permitsonetochnigetheratioof L2 fusion product to LI product in a VLP. Ahhough m native virions, L2 is the 
minor component es compered to LI , we can achieve greeter bicorporetion of L2 fusnn product bito VLPs usnig two 
single expression vectors. 

As set forth n Example 3, chimeric partides can be purified by bending in cesium chloride (or ei|dvetait). 
M Bisect coBs can be eifectedt for exempk at a multlicity of bifection of 10 witii recombbient bacotovinttes. 
35 After 72 hours (or so), cob can be harvested and sodcetad n a phos|rtiate4mfferedsafne (or eqdvdent) for 60 sec 
(orsoL After low speed darification (or equivdentk the lysates cen be sdijected to centrih^ 
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1 t(LOOO X 0 for Z5 h through a 40% (wt^ol) tucrosolPBS cushion (SW-28 rotor). Tha resuspended peibts can be 
centrifuBod to equibrhimr for exanqde, at 141,000 1 g for 20 h at room temperature in a 1040% (wtfwt) CsCVPBS 
gradient The visible band can ba harvested, centrifugad to equlBirium again by using the Uentical conditions, 
diaiyzed extenshrely against PBS, and stored at 4^C (for example). 

5 As set forth in Example 4, co-sedimentation of chimeric complexes can be estabfished, for example, by 

analytKal gradient centrifugation. Eg., a 12 to 45% sucrose step gradient can ba allowed to linearize overnight et 
4X dialyxed samples can be layered on top, end the gradient can ba centrifuged at 41,000 rpm (288,000 x g) for 

2 h in a SW41 rotor. Fractions can be harvested and analyzed for co-sedimentation, for example, by Westara 
btatting or co-immunopre^ritation. 

10 As sat forth in Exanqjie 5, co-sedimentation cen be estabished, for example, by co-immunopredpitation. 

As set forth in Exemple 6, antisara can be producel This can ba done to conduct a BfVI neutrelization 
assay (or equivalent) as is descriied in Dvoretsky et aL, Virology 103:369 (1980). Lg., antisara can ba produced 
as follows. Rabbits can be immunized by subcutaneous injection of 330 //I of CsCI gradient-purified particles in PBS 
et a concentratmn of 1 mgM Rabbits can tiien be boosted with the same amount of particbs two weeks and four 

15 weeks after the primary injection. 

As set fortii in Example 7, a BPV1 nautrrfzation assay lor equivalent) can be perfonned to test whetimr 
BPV chaneric particles present conformational epitopes. Lg.. serial dflutkms of sera obtained 3 weeks after tiie 
second booster mjection can ba ncubatad witii »500 focus-forming uidts of BPV1 virus for 30 mh, tin virus can 
be adsorbed to C1Z7celis for 1 K and tiwcds can be cultured for 3 weeks. Foci cen tiien be sttined witii D.5% 

20 mefliylenebhmlO.25% caibolfudisininmetittnoL NeutraUag titers can ba ditaiiad for cMmvic VlPs a^^ 

BPVLM2 VLPl. Equivalent neutralizing titers wl bidicate proper foUmg of tin chineric particbs effective to present 
conformational epitopes. 

As set f ordi in Exempta 8. chaneric perticbs can be assayedr f er exempb^ by trensnnssbn ebctron 
nncroscopy. Eg., purified pertktos icon be edsorbed to cartmn-coeted grids, steined with 1% oranyl acetatOr and 

25 exennnedvridi a PhVps ebctron microscope modri EM 400T at x36jm Efficbncy of ncorporation 

and morphotogy of cMmeric pvtictas end LI or L1IL2 VLPs can be compered end contrasted, hdbtinguishabta 
effmncy of nicorporatien and morphotagy w9 ndicete proper seV-essemUy of tin cMmeric particbs. 

As set forth in Exempb 9, chimeric perticbs cen be assayed, for exempb, for wduction of humoral immunity 
specific for fuston partner epitopes. rabbitt can be bocutated witii cUmeric VLPs. The sere can be analyzed 

30 for antibodbs» for exampbr by subjecting a sampb of the fusion psrtner antigen to S0S-PA6E and tiien Western 
bbtting. bmnnne and prebanune (controO sera can be appied et an appropriate diution. Detection of the fusbn 
pvtner bend in the Western bbt by serum from the nunune rabbit indicates the mductbn of entibodies simcific for 
fusion pertner epitopea. 

As set forth m Exempb 10, chbieric perticbs cen be esssyed. for nampb, for bdoction of celhnedbted 
35 nannnity speciric for fusbn peptiitoi, for instancetr by avacting cMmeric VLPs bto mice, end measuring antigen- 
specmc I cea praarerauon. 
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As set forth in Eiample 11« chimeric pvtides cen be essayed, for eiemplB, for induction of prophylactK 
iminufuty sgnnst cheDenBO infeclioit for iDStence^ bf iinniinting rabbits with chimeric CRPV VLRs end nonchinmic 
CRPV VLPs (controO, and snbsequently challenging with infectious CRPV, to demonstrate that L2 fusions do not 
ebrogete prophylectk immunitv; or by immuniimg eiperimentel enimab with chimeric VLPs conteining en STD egent. 
S subsequently chalenginB with the STD egent Md meeeuring increesed sunrivel egemst bthel chehnge or decreesed 
bifection f oDowing sub-lethal challenge. 

As set forth in Exempla 12, chhmric pertides cen be esseyed, for exemple, for induction of therepeutic 
immunity egainst pre^istmg papSmnas, for instance, by immunizing rabbits Ithat have pre^isting pspilomas) using 
chimeric CRPV VLPs end nonchimeric CRPV VLPs (controQ, end measuring regression of the pre-ensting pepilomes. 
10 As set forth in Eiemple 13, chararic perticbs cen be esseyed, for ntmnph for immunotherapy and 

immunoprevantion of tumors. 

Particular aspects of the invention may be more readiy understood by reference to the f obwing eiampies, 
which ere intended to eiempBfy the invention, without bniting its scope to the particular exempEfied embodiments. 

EXAMPLE 1 

15 CeBOfetioii ef chienrie racomhittaftt liaciiiovirvsee 

Three chimeres virere genereted: HPV16L2 HPV16E7, BPVL2-HPV16E7, end BPVL2-HPV16E7 (aa 1-301 
HPV16L2.HPV16E7 contained the fuMangth HPV16E7 fused to the C-terminus (ee 473) of HPV16LZ BPVL2- 
HPV18E7 contaned the full-length HPV16E7 fused to the C-ternwius of BPVL2 (aa 469). BPVL2 HPV16E7 (aa 1-30) 
contained the first 30 enwio ecids of HPV16E7 fused to the middb of BPVL2 between enwio ecids 274 end 275. 

20 L2-E7 chimeric genes virere genereted vie lecomUnant PCR techniques (HigucH, R. (1990) m PCR Protocob; 

A Guide to Methods end Applications, ed. fauns, MA, Gelfend, OH, Sninsky, end White, TJ. (Acedemic New 
York), pp. 177-180). For the chaneras conteawig fuMengtb HPV1BE7, L2 was empEfied with e 5' oligo conteining 
e restriction enzyme site, end e 7 oigo which was com pleme Bte ry to the E7 5' oEgo. bi en uidependent raection, 
E7 wee empiified with a 5' oEgo complamantery to the L2 3* oEgo end e 7 oEgo contebung e restrictkm enzyme 

25 site. The L2 and E7 genes virere then fused me second prenereitension raection usB^ 

E7 31 otgos. For the chimera centeimng only emmo ecids 1-30 of HPV16E7, tfie -aiterneT pranera encoded d» 
firet 30 80 of HPV18E7. 

The fused ganes were then cbned bite the becukinrus double expression vrator pSynwtVI-, (which eheedy 
conteined LI cloned under the polyhedrm promoter (IQrnbeuer et eL, ViroL 67:6929 (1993)) bnmedieteiy downstreem 
30 of the pSyn promoter. 

The BPVL2-HPV16E7 chaneras wera cloned es S' BglD to S'BgHI fregments. The HPV16L2-HPV16E7 
cMmora wee doned es e 5* SstU to 3* Ssdl fragment The primera used for BPVL24IPV18E7 (fuB4ength) were: 
BPVL2sense, 

5'GCSB TABATCTA CCTATAAATAT6A6TeCACBAAAAABAGTAAAACBTy(SEfl ID N0:1|, 
35 end entiMse^ 

5'6CAAT6TA66T6TATCTCCATIiCATG6CAIISI I IIXUI 1 1 1 1 1 ICGnTCCTCAACAftGGAGG&TiSEQ ID 
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HPV16E7, s«»a. 

5'CCCTCCTim6Ae6AAAC6AAAAAAAC66AAACAT6CMTBCAT6iSA6ATACA^ D N0:3|, 

and M t is wi S B , 

SXCGC TABATCTB BTACCTSCABBATCABCCATBBy BEQ ID N0:4). 
S Itw primers HS8d for BPVL24IPV16E7 (u l-an wen n fdlowc BPV^ nmeneiiim. 
Interoal primer, antisense, 

5TA6n6TCTCT66TT6CAAATCTAACATATATTCAT6CAAmA66T6TATim:CAT6CAT6M 
ATCTTCC6TG66C3' ISEQ 10 N(k5). 
brtsmal primer, sense, 

10 S'GCAT6AATATAT6nA6ATTT6CAACCA6A6ACAAimTCTCTACT6mT6A6CAAnAAAT6ACCAA^ 
AAACCCACT6TAT6AA6CAGAACC3' (SEQ 10 lUfcO). 
BPVL2, antisense, 

S'CCSC TASATCTA eBBAGATACASCTTCTSSCCTTBTTBCCACAACecyiSEQ ID N0:7). 
The prinnrs used for HFV16L2-HPV16E7 dnneras were ss follows: HPV16L2. sense, 
15 fffiCBB TCCBCBBA ATATBCBACACAAAGGTTCTBCAAAACBCACAAAACBTyfSEQ ID N0:8i, 
and entisensa, 

5'ATCTCCATGCAT6GCAGCCAAA6AGAC3'(SEQ ID N0:9), 
HPV16E7, sense, 

5'6TCTCTTT66CT6CCAT6CATG6A6AT3' (SEQ 10 IHhIOk 
20 andantiieiM, 

5'6CT£SS£fifi66TACCT6CA66ATCA6CC3' (8BI 10 IKhll). 

EXAMPIE2 

CsCi-purifiBd recombinant pksnul was cotransf acted with bauiionrus DMA IBacuMotfe PtiarMnoaiv San 
25 DiBao.CA) Into SfOinact cab (ATCC,CliL 1711) liyuivLipafBethm 

Biotedinivns 11:310 (1981H. TtnncontfnaMbacriorinmwaraplaqiiBiwrifiBdasdasciiMdfSiBnn^ 
SniMi, 61. (1087) A llamHl of Madiods for Bacnionms Vectors and bnoct Cal IMlata hocadnres, Taias 
Agikultnml Eiparimant Station Sohtin (Tai. Agric Exp. Stn., Colqa Statian, TXk Vol 15SS). 

EXAMPUa 

- — - - ^9- - * ■Mil I f ■ a* B I I 

rwnictura ft nnnnc iNinicus 
Sf9 insect eeb wm infneM at a muKipGcity of Maction of 10 with recombinant bacutowinisas. After 
72h,tlieliarmtedcaliiweraaoricBtadinpliasplia^ After low-speed clarificatioiit 

tin lifsates were sidqected to oentrifugationat IIOLOOO x g for 25 b througb a 40% (wtfraQ sucrose/PBS cushion 
' (SW*2Brotor|. Theresiapondedpoletswarecaitr9u||etftooqDii^^ 
35 in a 1040% (wtfwfl CsQPBS gredient The vidile band was harvested, centrifuged to equibrium again by osing 
ine iienDcai conditions^ oia^ieo enensnraif agamsi ms, ano stored si 4 c 
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EXAMPLE 4 
CoMdiMtiMioii of LIIL2-E7 conplnn 
To dstenmiw wtethsr the L2-E7 fusion protein wss incorporated into particles^ analytical gradient 
centrifiigation was performed as pramusly described for deternunino the co-assendilir of LI and L2 (Kirnbaner et aL. 
5 ViroL 67:8929 (1993)1. 

Briefly, a 12 to 45% sucrose step gradmt was allowed to Snasrize overnight at 4*'C, dialyzed samples 
were leyered on top, end the gredient wes centrifuged at 41.000 rpm (288^000 x g) for 2 b in a SW41 rotor. 
Fractions were harvested. The fractions were analyzed by Coomassie stained SDS-PA6E (LI) or Western blotting 
with an anti-BPVL2 polyclonal Ab, or enti*HPV16E7 polyclonal Ab, and ^l-labeled anti^abbit IgG. 
10 Association of the chimeric L2-E7 with the viru^ike pvtides was established by co-sedimBntation. 

EXAMPLES 
tMmmanopredpititioR sf L1fL2{7 c omplei es 
To obtain eviitence that the L2-E7 fusion proteins formed stable complexes with LI, co-vnmunoprecipitation 
experiments were perfonned. 

15 Briefly, BPVLia2-HPV16E7 (fulMength) end BPVL1fL2-HPV16E7 (as 1-30) VLP preparations were 

immunoprecipitated in PBS. 1% Triton^ X-100 with anti-Li Mab 5BB (Roden et aL, J. VM^ in press, (Novonber, 
1994)), an anti-Li polyclonal Ab, proHmmuM serum or an irretevant Ab (anti-El A Mab) and protein A-Sepharose and 
subjected to SDS-PAGL Proteins were immunobiotted and probed with anti-BPVL2, or anti-HPV16E7 sere, or an anti- 
HPV1BE7 Mab (Triton Diagm)stics, Alameda, CA). 
20 Association of the chimeric L2-E7 with the virus-fike perticbs was estabishol by coHmmunoprecipitation. 

EXAMPLES 
ProdueliOD of entisefi 

Rabbits were inmunized by subcutaneous b^ectton of 330 ul of CsCi gradientiniriried particles in PBS at 
a concentration of 1 mg/M. Rebbiu were boosted witfi the seme emount of particles two weeks end four vveeks 

29 ittBriM pnnaiy iqKtioi. 

EXilMPU? 
■PV1 BMlraiintin MMV 

A focn-f onning asny wn pariomMI n dennbed NGmbBdar M aL, Proc NatL Acad. ScL USA 89:121 80 

(198m 

30 Briefly, serial Aition of rabbit sara obtainad 3 waaks aftv tha sacand baostar bijactien ware incidnted 
with »500 fean-fanriao units of BPV1 wus far 3D nm, tha vims was adsortiad ta C127 cab for 1 h, and tha 
cds wars odturad far 3 waab IDvomtilqr at aL. Wrdagy 103:369 (198(W. Tha fad wara atainad with as% 
mathylBna Mu elO. 25 % carbal fuclnin hi natlMnoL 

Eqidvabnt nautraiitas titars of 30000 wara obtainad far tha BPVL1il2 VLPs and BPVll /12-HPV16E7 m 
K langthl chhnark VLPl 

EXAMPLE! 
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Transmission ntetron microscopy was performed as doscrBied (Kmibaiier at aU Proc NatL Acad. ScL USA 
89:12180 (1992)) 

Briefly, purified particles were adnrbed to carbon^ated grids, stained widi 1% nranyl acetate, and 
5 examined with a Philips electron microscope model EM 400T at 136,000 magnification. 

Particles containino the L2-E7 fusion i^otein were found to be indistingiiishahle from LI or L1/L2 VLPs in 
terms of morphology and efficiency of incorporation. 

EXAMPLES 
Induction of antibodies 

10 RabbiU inoctdated with BPVL1/L2-HPV16E7 papillomavinis4ike particles produced entisera tiiat recognized 

E7. 

To analyze the sera for E7 specifipty, 2.5 pg of HPV18E7 and 2.5 pg of BSA (control) were »jbjected 
to S0S-PA6E and then Western Uotted. Immune end preimmune (control) sera were applied et a dhition of 1:10. 

15 Serum from tiie immune rabbit speciTically detected the HPV1BE7 protein band m the Western Uot, 

indiceting the induction of entiboifies specific for E7 epitopes. 

Exmph 10 

Chimeric pertides are assayed for induction of cefrnmfiated immunity specific for E7 peptides, for exemple, 
20 by injecting chimeric VLPs into mice, end meesuring entigen^nific T eel proiferstion. 

EnMell 

^ - -a. ■_ M» . -.^ 

Chineric particles ere essayed for induction of prophylactic immnmty agalisi chehnge faifection, for 
example, by ernnuniDng rabUU witfi E7 chineric l»PV VLh 
25 chaOengmg witii bifectious CRPtf, to dnnonstrate tiiat L2-E7 fosions do not ebrogete prophybctic immunity; or by 
enmunizHig experimentel animals witiidnmaricVLPi contend 

agent and measuring increased survival against letiiel challenge or decreased infection f olowng subMbal chaknge. 

30 Chimeric particles are essayed for nduction of timpeutic nmiunity against preexisting papiBmnas, for 

example, by inmunizng rabbitt (tiut have pre«dsting papilonies) using E7 chimeric CRPV VLPs and nonchimeric 
CRPV VLPk (controQ, and measuring regression of tin predating papiBomas. 

Emnphia 
innnnotheran ind innmpmm^ 
35 Chimeric perticles are assayed for tiieebiEty to prevent tunrordevelepment or t^ 

exemple, m experimentel enimals such as mice usuig tumor ceOs expresmg, a^, E7. Amroeb ere immunized witti. 
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8^., L2-E7 chimeric VLP» and testsd for growth of inoculated tumorigenic celb that expresv, E7. This approach 
has been shown to work for animab immuniied with noncompbied E7 and a co-stinniiatory protein (Chen at aL, 
Proc NatL Acal ScL USA 88:110 (1B91)). 

Emnpla 14 

5 TarfBtino the snrfaca of chhaarfe VLPs 

It may be desirable for certain molecules^ such as co-stimulators or Ggands that bind to cell-surfaces, to 
be present on the surface of chimeric VLPs. Roden et aU J. VffoL, m press« (Novenriier, 1994) determined that 
regions of L2 are bcated on the surface of VLPs. A peptide composed of BPV L2 amino acids 44-173, when 
inoculated into rabbits, induced neutraizmg antBiodies that were active at a 1:1000 serum dikitton. These results 
10 indicate that regions of L2 specify neutraizing epitopes, and that these regions ere thmfore accessOile to the 
surface of nethre virions. Conseqimtly, f usfaig s non-L2 polypeptide to one of these regions would likely result in 
the targatng of this polypeptide to the surface of a chimeric VIP. 

Whto part^hu^ embodiments of the invention have hem descrBied m detail it wiB be apparent to those 
15 sklled in the art that these mnbodimems are exemplary rather than iimiting» and the true scope of the invmtnn is 
that defkied within the appended cUms. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION 



(i) APPLICANT: The United States o£ America 



(ii) TITLE OF THE INVENTION: CHIMERIC PAPILLOMA VIRUS-LIKE 
PARTICLES 

(iii) NUMBER OF SEQUENCES: 11 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Knobbe, Martens, Olson and Bear 

(B) STREET: 620 Newport Center Drive 16th Floor 

(C) CITY: Newport Beach 

(D) STATE: CA 

(E) COUNTRY: USA 

(F) ZIP: 92660 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) CC^fPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ Version 1.5 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Ways Vensko, Nancy 

(B) REGISTRATION NUMBER: 36,298 

(C) REFERENCE/DOCKET NUMBER: NIH032 . 001CP2 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 619-235-8550 

(B) TELEFAX: 619-235-0176 

(C) TELEX: 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI8ENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
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GCG6TAGATC TACCTATAAA TATGA6TGCA CGAAAAAGA6 TAAAACGT 48 
(2) INFORMATION FOR SBQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI SENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

GCAATGTAGG TGTATCTCCA TGCATGGCAT GTTTCCGTTT TTTTCGTTTC CTCAACAAG6 60 
AGGG 64 

(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

CCCTCCTTGT TGAGGAAAGG AAAAAAAG6G AAACATCKTCA TGCATGGAGA TACACCTACA 60 
TTGC 64 

(2) INFORMATION FOR SBQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 
CCGCTAGATC TGGTACCTGC AG6ATCAGCC ATGG 34 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENCxTH: 92 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear - 

(ii) MOLECOLE TYPE: cDMA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRACaiENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CAGTTGTCTC TGGTTGCAAA TCTAACATAT ATTCATGCAA TGTAGGTGTA TCTCCATGCA 60 
TGGATGAAAA CACTTCAGGA TCTTCCGTGG GC 92 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 102 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

(SCATGAATAT ATGTTAGATT TGCAACCAGA GACAACTGAT CTCTACTGTT AT(3AGCAATT 60 
AAATGACCAA ACATTTGCAA ACCCACTGTA T(3AAGC»CSAA CC 102 

(2) INFORMATION FOR SEQ ID N0:7: 

(i) SEQX7ENCE CHARACTERISTICS: 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DES(3RIPTI0N: SEQ ID NO: 7: 
CCGCTTAGATC TAG(3GAGATA CAGCTTCT(3G CCTTGTTOCC ACAAOK! 47 
(2) INFORMATION FOR SEQ ID NO:B: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRACaffiNT TYPE: 

(vi) ORIGINAL SOURCE: 
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(Xi) SEQUENCE DESCRIPTION: SBQ ID NO: 8: 
0CGGTCC6C6 GAATAT6CGA CACAAAGGTT CTOCAAAACG CACAAAAC6T 50 
(2) INFORMATION FOR SEQ ID NO: 9: 

(1) SEQDBNCB CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
ATCTCCATGC ATGGCAGCCA AAGAGAC 27 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRA09ENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GTCTCTTTGG CTGCCATGCA TG6AGAT 27 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRA^fENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



GCTCCGOKSG GTACCTGCAG GATCA8CC 



28 
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WHAT IS CLAIMED B: 

I. A papilomavirus4ace particle, cow p ri ii n g : 
a papiomavinis LI product and 

a papibinavirus L2 fusion product said fusion product comprising a chain of amino acids m which 
5 part of the chain cmas from a 12 protein sequence and another part of the chain comes from e protein 

sequence other than said L2 protein sequence; 
seid particle presenting conformational epitopes. 

Z The papilomavmirfke particle of Claim 1, wherein said papiBcrniawus L2 fusion product is e 
human papillomavirus L2 fusion product or a bovine papiBomavirus L2 fusion product. 
10 3. The papiBomavirus-fka particle of Claim Z wh^ said papiiomavirus L2 fusion product is a 

human papSomavirus 16 (HPV16) L2 fusion product or a Bovine papioma virus 1 (BPV1) L2 fusion product. 

4. The paplomavirusAe particle of Claim 1, whmin said papaomavirus L2 fusion product comprises 
a fusion partner which b e peptide, a full-length protein, or e combination ther»)f finked in tendon. 

5. The papiRomavirus-ike particle of Clean 4, whereh nid fusion partner n a papSomavirus ES or 
IS E7 product 

6. The papOomavirus^e particle of Claim 1, wherem saM papioffiavinis L2 fusion product b 
produced by expresskm from DNA encoding a papiomavirus L2 product fused at its 5' or 3' end to a fusion partner. 

7. The papiomaviruaJke partida of drin 1, wherein saki part of the chah which comas from a 
proteui sequence other then sahl L2 proteni sequence b nserted between L2 mmo acids. 

20 8. The papilomavints-ike particb of Qakn 1, wherein aaU papiomavirus LI product b a human 

paplomevirus LI product or a bovkw papihunavinis LI product 

9. The papiDomavnisAe particb of dakn 8, wherein seU papitomavirus LI product b a HPV1 B LI 
product or a BPV1 LI product 

10. The papiomavirus-Eke partfch of Ctakn 1, consbtaig essentialy of HPV1BL1 and HPV16L2- 
25 HPV16E7 (fuB^ngth). 

II. The peplomevirusAe particb of CWm ia wherem HPV16L2-HPV1BE7 (fuO bngth) b produced 
by expressbn of DNA encodng HPV16E7 whbh b fused to the 3'wul of DMA encodng liPV16L2. 

12. The paplomavlrusAe particb of CUm t consbting essantialy of BPVL1 and BPVL2*HPV1BE7 
(fuMengdi) 

Za 13. The papHomavirusAe particb of Ctakn 12, wharab BPVL24IPV16E7 (ful bngdi) b produced by 

expressbn of DNA encoiBng HPV16E7 whch b fused to tiie 7end of DNA encoiAig BPVL2. 

14. The pqribmavirosAe perticta of Cbkn t consisting assentialy of BPVL1 and BPVL2-HPV16E7 
{warn acUs V30). 

15. The pepibmavinisAe particb of Ctani 14, wbereki BPVL2-HPV16E7 (emmo ackb 1-3(0 b 
35 produced by exprasskm of DNA ancmfog HPV1 BE7 whch b fused to DNA encoifing BPVL2 between L2 ammo ackb 

274 ami 275. 
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16. Om or morB sjfnthstic ONA mobciilBs singly or douUy onauTng o pspioinavinis LI product ond 
a pqiiloiiiavinis L2 fusion product whorom said motaaihs drect oxpression in a transformad host ceD of a 
papiSomavirasAe partkda wMch has conf ormatianal apitopas, said yinis4ka particle comprising said papiBomavinis 
LI product and said papiHomavaus L2 fusion product, said fusion product comprisiRp a chain of anrinn acids in wKch 

5 part of tiw chaoi comas from a L2 protain aaquanca and anothor part af tha chain comos from a protain sequance 
otiisr than said L2 prot«n saquanca. 

17. Tha ona or mora DMA molaculas of Chiro 16, wharein said transfonnad bast cal is an insect host 
col and said ONA molecule or motacules further comprisa an insect eel mton ssM transformad host ceD is a 
mammaEan host cell and said DNA molecule or moteniles further comprise a mammaBan cell vector; or wherein said 

10 transfonrod host ceO is a yeest host cell end said ONA molecule or molecules further comprisa a yeast eel vector. 

18. A host cell transformed with the one or more ONA molecules of Clain 16. 

19. A method for obtaining papiomavirus^ace particles, comprising the steps of: 
(e) obteining a culture of transformed host ceOs acconfing to Claim 18; 

(b) directing expression of said one or more ONA molecules from said transformed host cols; 
15 |c) recovering said papiDomavtrus-Dce partide from said transformed host ceOs. 

20. A metiiod of purification of a papUomavirus-na particle, comprishg the step of exposing a 
papiBomavirus-ike particle of Claim 1 to an affinity chromatography column, said cohann comprising ant&odies that 
bind to a fusion partner of the papibmavirus L2 fusion product resulting in tiw purification of said particle. 

21. A method of deGvery mto a cefl of a fusion partner of the papilomavirus L2 fusion product of a 
20 papilloniavirus4a(e particle, comprising tiie step of adnmistering tiie papilomavirusae partide of Claim 1 to said eel, 

resultino in the delvery into said cafl of odd fusion partner. 

22. A vacdna ceinprising tha painhmavirasAe particle of Cleim 1. 

23. The paplamavirus4ke partide of Chin 1 for use as a pbtform for mufthralent antven 



25 24. Tha papilomavin»fka partide of Clahi 1 for use in tha Mmy into cab of protnns for 

processing into pqitides end subseqnem prasantatien of tiiasa peptides w^ 
a crfkneifiated anmuna response. 
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